INTRODUCTION
Of the six complementarity-determining regions (CDR) that contribute to the structure of the antibody-combining site, the most segments, the additions being of two types, N and P (Alt and Baltimore, 1982; Tonegawa, 1983; Lafaille et al., 1989). However, during ontogeny, the processes resulting in CDR3 diversification seem to be partially restricted. In fetal or newborn mice and Xenopus laevis tadpoles, Ig sequences seem to have little N-region addition, and the site of recombination in VH/D and D/JH is frequently in a region of sequence homology (Feeney, 1990; Gu et al., 1990; Bangs et al., 1991; adult-type antibody response occurs approximately at the time of metamorphosis (Hsu and Du Pasquier, 1992) and it was suggested that the new adult-specific cells arose at this time (Flajnik et al., 1987) . A tadpole is immunocompetent by 2-3 weeks of age, and in the 7-8th week of larval life, it undergoes morphological changes and cell replacement in virtually every tissue, including lymphoid organs (Du Pasquier and Weiss, 1973) .
By the end of the metamorphosis, it is a different animal, both in morphological appearance and in the genes it expresses. Although the tadpole is basically immunocompetent through metamorphosis, there is some evidence of suppression for T-cell but not B-cell function (Chardonnens and Du Pasquier, 1973; Du Pasquier and Bernard, 1980) . We suggest that the tadpole antibody repertoire is limited so as not to create autoimmune problems at metamorphosis, when novel selfantigens appear. The antibody studies suggest that the tadpole repertoire is different from the adult one, in that different and fewer antibodies are produced by isogenic tadpoles to the same antigens (Du Pasquier et al., 1979; Hsu and Du Pasquier, 1984) .
Here we report an analysis of the Ig sequences present in a froglet, 5 days past the completion of metamorphosis. Our motivation was not only to study the kind of junctional events present in animals of this interesting period, but also to examine the extent of diversity existing in immunocompetent froglets possessing only about 106 B lymphocytes.
RESULTS
Three separate batches of cDNA ("a", "b", and "c" series in Fig. 1 Wilson et al., 1992b) . As only one Xenopus germline D sequence has so far been reported (Schwager et al., 1991) , it is not possible to identify definitively D elements and locate their 5' and 3' ends. Instead, D sequences in this study were determined by comparison to consensus CDR3 motifs deduced from the large number of published Xenopus Ig cDNA sequences (Schwager et al., 1988 (Schwager et al., , 1991 Haire et al., 1990; Hsu et al., 1989) .
The 5' ends of JH were determined after comparison with the germline gene sequences (Schwager et al., 1991) . Potential 9 FIGURE 1. CDR3 sequences isolated from a newly metamorphosed froglet. One hundred sixteen sequences were isolated from three liver cDNA preparations (a, b, c) after PCR amplification using/t and VH1 primers; 44/49 CDR3 were unique in series "a," 27/29 in "b," 34/38 in "c"; the sequences with repeats within the series are indicated by superscript and listed in what follows. Repeated sequences were found between series and these are grouped 1-11. The sequences are grouped according to D usage (Hsu et al., 1989; Schwager et al., 1991) , as follows: DH10; DH12; D.1; DH6; DH "gggaac" (L. Du Pasquier, personal communication); DH15 "tggtac" (Schwager et al., 1991 , Wilson et al., 1992b (b58,b12), (b59,b33), (c9,c34,c117). These sequences can also belong to (a55,a63), (a71,a84,a80), (a4x,a33,a47), (c50,c51), (c64,c90), (Schwager et al., 1991) . We based the determination of a unique VH on the most variable portion of the VH germline sequence, CDR2. Of 29 different "a" series CDR2 sequences determined, 3 sets of sequences contained a single base difference (a38/a49 and a33, a74/a91/a94 and a82, a55/a44/a60/a63 and a52). The observed rate of Taq mutations in the t constant region in this study was found to be one change in 820 bases, or 0.12%, which is consistent with the overall error frequency of 0.25% reported by Saiki et al. (1988) , the PCR artifact of in vitro recombination is well documented (Meyerhans et al., 1990 ) and was also found in this study. For example, clones a80, a84, and a71 share CDR3 but differ in CDR2;
given the considerable diversity found at the IgH junctions, this finding is more likely to be due to in vitro recombination than to independent rearrangement events producing identical CDR3.
The constant-region sequences contain only two/ alleles, differing at bases 12 and 13 (cc or at). Thus, this individual was heterozygous, as are most outbred frogs (Hsu et al., 1989 (Wilson et al., 1992b) , with a pseudogene frequency of < 15% In Fig. 4 (Hsu et al., 1989) . Because all three families are expressed in the froglet liver (see Discussion), then the lower limit for VH rearrangements is 3x 358, or 1074. Are the Groups of Identical CDR3 Sequences Derived from a Single Rearrangement Event?
In deriving a lower limit for the number of rearrangements in the froglet, the sequences within each "Group" in Fig. 1 (Schwager et al., 1988) . The number of gene segments is also comparable: there are 9
JH genes (Schwager et al., 1991) , multiple D elements (Haire et al., 1989; Hsu et al., 1989; Schwager et al., 1991) , and 3 large (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) (Feeney, 1990; Gu et al., 1990; Bangs et al., 1991) and Xenopus tadpoles (Schwager et al., 1991) , at least two factors affecting junctional diversity, N-region addition and the imprecision of the recombination sites, are more limited than in adults. (Flajnick et al., 1987; Hsu and Du Pasquier, 1992) , it contributed little to froglet liver RNA. This leads to a second point of interest: As suggested elsewhere (Flajnik et al., 1987) (Jurd et al., 1975; Du Pasquier et al., 1979 , it seems that about half of the 56 germline VH1 genes in the froglet were expressed. There is no indication of biased VH gene usage, at least in the VH1 family.
Although JH3 is used often, the frequency is no higher than that found among published tadpole or adult cDNA clones (Schwager et al., 1991 (Schwager et al., 1988 (Schwager et al., , 1991 . All other JH genes were expressed in the froglet. The most common D elements found were of the DH1 and DH10 groups (Hsu et al., 1989; Schwager et al., 1991) (Fig. 4) . In mammals, the same trend can be seen, but it is not as distinct as in Xenopus. Since CDR1 and CDR2 lengths generally do not tend to vary much among VH genes, especially within a family, the somatically generated CDR3 of varying sequence and lengths must contribute greatly to the structure of the antibody-combining site, for example, rendering it as a groove or a deep cavity (Padlan and Kabat, 1988) . The actual influence of restricted CDR3 length on the repertoire is difficult to estimate, but it is well documented that for antigens such as phenyl oxazolone, dextran, galactan, progesterone (Berek and Milstein, 1988; Sawada et al., 1991) , the length of mammalian heavy-chain CDR3 is a critical factor determining specificity.
From X-ray crystallography studies of three lysozyme-antibody complexes, it can be observed that the number of antigen contacts with IgH CDR3 decreased with the decreasing length of CDR3, while the number of contact sites with CDR1 and CDR2 increased in parallel (Amit et al., 1986; Sheriff et al., 1987; Padlan et al., 1989; (Sanger et al., 1977) with Sequenase kits (USB) and t or VH1 primers. Sequences were aligned and determined by inspection.
